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(57) Abstract: A valve integrally associated with a microfluidic transport assembly useful for regulating the flow of a liquid sample 
through an analytical instrument, and method for manufacturing the same are disclosed. The valve includes first and second substan- 
tially planar and integrally bonded rigid layers (210, 216), and a liquid passageway (222) defined by a groove along a surface (214) 
of the first layer (210) and the opposed surface (218) of the second layer (216). A valve seat (224) within the passageway (222) and 
integrally connected to the first layer (210) has a plateau surface (226) opposite a flexible membrane (228) integrally associated with 
a hole (230) through the second layer (216). When the valve is open, the membrane (228) is substantially coplanar to the surface 
(214) of the first layer (210), and when closed, the membrane is bulged to be substantially coplanar to the plateau surface (226) of 
the valve seat. 
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VALVE INTEGRALLY ASSOCIATED WITH 
MICROFLUIDIC LIQUID TRANSPORT ASSEMBLY 

TECHNICAL FIELD 

The present invention relates to valves associated with microfluidic 
5 assemblies, and more specifically, to valves integrally associated with microfluidic 
assemblies adapted to transport liquid samples for analytical purposes. 

BACKGROUND OF THE INVENTION 

A variety of analytical instruments are used to characterize liquid 
samples containing an analyte of interest, particularly in the context of assays directed to 

10 real-time detection of biomolecular interactions. For example, the study of real-time 
biomolecular interactions through use of "biosensors" are now of fundamental 
importance in many fields, including biology, immunology and pharmacology. In this 
context, many biosensor-based analytical instruments include "microfluidic structures" 
adapted to transport one or more liquid samples through an interaction or a detection 

15 zone. Such microfluidic structures generally include a block unit that has multiple 
internal channels, inlet and outlet ports, pumps and valves; all of which operate in 
concert to flow small volumes of liquid sample and various other buffers and reagents 
through one or more interaction and/or detection zones. 

An exemplary microfluidic structure for such liquid handling may be 

20 illustrated in the context of biosensors that use surface plasmon resonance (SPR) to 
monitor the interactions between an analyte and a ligand bound to a solid support. In 
this regard, a representative class of biosensor instrumentation is sold by Biacore AB 
(Uppsala, Sweden) under the trade name BIAcore® (hereinafter referred to as "the 
BIAcore instrument"). The BIAcore instrument includes a light emitting diode, a sensor 

25 chip covered with a thin gold film, an integrated microfluidic cartridge and photo 
detector. Incoming light from the diode is reflected in the gold film and detected by the 
photo detector. At a certain angle of incidence ("the SPR angle"), a surface plasmon 
wave is set up in the gold layer, which is detected as an intensity loss or "dip" in the 
reflected light. The theoretical basis behind the BIAcore instrument has been fully 

30 described in the literature (see, e.g., Jonsson, U. et al., Biotechniques 71:620-627, 1991). 



WO 02/36485 PCT/SE01/02406 

2 

More specifically, and as best shown in Figure 1 (prior art), a 
representative BIAcore instrument 100 comprises a source of light 102, first lens means 
104 for directing a transversely extending convergent beam 106 toward a prism 108 
whereby the beam is focused in the bottom surface of the prism 108 to thus form a 
5 streak 110 of light, Rays of light reflected from the sensitized surfaces are imaged via 
an anamorphic lens system 112 on a two-dimensional photodetector device 114. The 
electronic signals created by the photodetectors are processed in an evaluation device 
1 16 in the form of a computer. 

By means of the prism 108 and an opto-interface 118 light from streak 

10 110 is directed to a sensor unit 120 which lies in contact with a number of parallel, 
upwardly open portions 122A-D of flow channels 124A-D, respectively; only one of 
which, 124A, is shown. The flow channels form part of a block unit 126 for liquid 
handling, this block unit is shown with schematically indicated inlet connection tubes 
128 and 130 and outlet connection tubes 132 and 134. A more complete description of 

15 this representative BIAcore instrument including its microfluidic block unit for flowing 
solutions therein may be found in U.S. Patent No. 5,313,264, which is incorporated 
herein by reference in its entirety. 

As more fully described in U.S. Patent No. 5,313,264, and as also best 
seen in Figure 1 (prior art), the upwardly open portions 122A-D of flow channels 124A- 

20 D (only flow channel 124A is shown) correspond to a first layer 136 of a sealing 
elastomer material (e.g., silicone rubber or the like) that has a number of cuts or slits 
extending therethrough. The first layer 136 has been cast onto a plateau 138 which is 
integral with a base plate 140. The base plate 140 is preferably a solid member made of, 
for example, plastic, metal, ceramics, or the like. 

25 As best seen in corresponding Figures 1A and IB, a second layer 142 of 

an elastomer material (e.g., silicone rubber or the like) has been applied by, for example, 
casting to the underside of base plate 140. The second layer 142 is provided with a 
system of flow channels or conduits formed by casting. A third layer 144, preferably of 
the same material as that of second layer 142, has been cast onto a support plate 146 

30 made of a solid material (preferably made of the same material as that of base plate 
140). 
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In view of the foregoing description, it will be readily understood that 
when the BIAcore instrument 100 is in an operable configuration such that the sensor 
unit 120 is pressed against first layer 136 by the opto-interface 118, the upwardly open 
portions 122A-D in first layer 136 will be sealed in liquid-tight relationship against 

5 sensor unit 120 and form four flow cells. For sake of simplicity, these four flow cells 
are also designated 122A-D. 

Moreover, in operation, a liquid sample is made to flow through one or 
more of the flow cells 122A-D. More specifically, a pump (not shown) pumps the 
liquid sample to inlet tube 128, through an inlet channel 148, through an open valve 

10 - 150, and then through a primary channel 152 having a fixed and well-defined volume, 
until it reaches a closed valve 154, The closed valve 154 directs the liquid sample into a 
waste channel 156 communicating via outlet connecting tube 134 with a disposal 
receptacle 158. 

Next, a valve (not shown) at the upstream end of waste channel 156 is 

15 closed, and at the same time valve 150 is also closed. The liquid sample in the primary 
volume is now ready to be pumped into the flow cell 122A. This is done with the aid of 
an eluent solution 160 which is pumped by a pump 162 through inlet tube 130 to an 
eluent conduit 164 ending in a valve (not shown) which is now opened together with 
valve 154. Continued pumping of the eluent solution 160 causes the advancing eluent 

20 solution to press forward against the primary volume of the liquid sample and force it to 
advance upwardly through a riser duct 166 in the plateau 138, and then into flow cell 
122A, and then down through a second riser duct 168 and out through an exhaust duct 
170 and outlet tube 132. From the outlet tube 132, the sample liquid followed by the 
eluent solution is directed to a waste disposal receptacle 172. When the sample liquid, 

25 which has a predeterimed volume and/or flow rate, is flowing along flow cell 122A, the 
chemical interaction between the sample liquid and the sensing surface of the sensor 
unit 120 is optically detected and analyzed. 

One aspect associated with the above-described microfluidic structure, 
however, lies with the second elastomeric layer 142 (Figures 1A and IB), which 

30 elastomeric layer forms part of the valves. In general, the elastomeric layer has low 
chemical resistance, and may have high permeability with respect to certain gases and 
small molecules. Both of these attributes are less than optimal in certain embodiments. 



WO 02/36485 



4 



PCT/SE01/02406 



Accordingly, there is a need in the art for improved raicrofluidic structures adapted to 
transport liquid samples for analytical purposes. The present invention fulfills these 
needs, and provides for further related advantages. 

SUMMARY OF THE INVENTION 
5 The present invention discloses a valve integrally associated with a 

microfluidic transport assembly that is useful for regulating the flow of a liquid sample 
through an analytical instrument such as, for example, a biosensor. The valve integrally 
associated with a microfluidic liquid transport assembly includes: a first rigid layer 
having substantially planar and opposing first and second surfaces; a second rigid layer 

10 having substantially planar and opposing third and fourth surfaces, the third surface of 
the second rigid layer being substantially coplanar and integrally bonded to the second 
surface of the first rigid layer; a first passageway defined by a groove, the groove being 
along the second surface of the first rigid layer and bounded by the third surface of the 
second rigid layer, the first passageway being adapted to flow a liquid sample 

15 therethrough, a valve seat having a substantially planar plateau surface, the valve seat 
being within the passageway and integrally connected to the first rigid layer such that 
the plateau surface is substantially planar to and interposed between the first and second 
surfaces of the first rigid layer; and a flexible membrane opposite the valve seat and 
integrally associated with a first membrane through hole of the second rigid layer, the 

20 flexible membrane having a passageway surface that is either (i) substantially coplanar 
to the second surface of the first rigid layer when the valve is in an open position, or (ii) 
bulged with a central portion thereof being substantially coplanar to the plateau surface 
of the valve seat when the valve is in a closed position. The present invention is also 
directed to methods of manufacturing of the same. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a schematic exploded view of a representative optical 
biosensor in accordance with the prior art. 

Figure 1A illustrates a partial cross-sectional view of Figure 1 showing a 
valve in its open position. 
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Figure IB illustrates a corresponding cross-sectional alternative view 
showing the valve in its closed position. 

Figure 2 illustrates a front elevational view of a microfluidic assembly in 
accordance with the present invention. 
5 Figure 3 illustrates a side elevational view of the microfluidic assembly 

shown in Figure 2. 

Figure 4 illustrates a cross-sectional view of the microfluidic assembly 
shown in Figure 2 taken along line 4-4. 

Figure 5 illustrates an exploded isometric view of several plates that 
10 make up a microfluidic assembly in accordance with the present invention, and which 
are shown together with an exploded isometric view of a mold suitable for injecting an 
elastomeric material that forms a valve integrally associated with the microfluidic 
assembly . 

Figure 6 is an enlarged view of the valve seat shown in Figure 5. 
15 Figures 7A-C depict front, side, and back elevational views of a first 

plate associated with a microfluidic assembly in accordance with the present invention. 

Figures 8A-C depict front, side, and back elevational views of a second 
plate associated with a microfluidic assembly in accordance with the present invention. 

Figures 9A-C depict front, side, and back elevational views of a third 
20 plate associated with a microfluidic assembly in accordance with the present invention. 

Figures 10A-C depicts an elevational views of a fourth plate associated 
with a microfluidic assembly in accordance with the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 

As mentioned above, the present invention relates to valves associated 

25 with microfluidic assemblies, and more specifically, to valves integrally associated with 
microfluidic assemblies adapted to transport liquid samples for analytical purposes. 
Although many specific details of certain embodiments of the invention are set forth in 
the following detailed description and accompanying Figures, those skilled in the art 
will recognize that the present invention may have additional embodiments, or that the 

30 invention may be practiced without several of the details described herein. 
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In the several embodiments set forth below, the inventive valves of this 
invention are integrally associated with microfluidic liquid transport assemblies, such 
as, for example, those adapted for use with '^biosensors." As is appreciated by those 
skilled in the art, biosensors are analytical devices for analyzing minute quantities of 
5 sample solution having an analyte of interest, wherein the analyte is analyzed by a 
detection device that may employ a variety of detection methods. Typically, such 
methods include, but are not limited to, mass detection methods, such as piezoelectric, 
optical, thermo-optical and surface acoustic wave (SAW) device methods, and 
electrochemical methods, such as potentiometric, conductometric, amperometric and 

10 capacitance methods^ With regard to optical detection methods, representative methods 
include those that detect mass surface concentration, such as reflection-optical methods, 
including both internal and external reflection methods, angle, wavelength or phase 
resolved, for example ellipsometry and evanescent wave spectroscopy (EWS), the latter 
including surface plasmon resonance (SPR) spectroscopy, Brewster angle refractometry, 

15 critical angle refractometry, frustrated total reflection (FTR), evanescent wave 
ellipsometry, scattered total internal reflection (STTR), optical wave guide sensors, 
evanescent wave-based imaging, such as critical angle resolved imaging, Brewster angle 
resolved imaging, SPR angle resolved imaging, and the like. Further, photometric 
methods based on, for example, evanescent fluorescence (TIRF) and phosphorescence 

20 may also be employed, as well as waveguide interferometers. One exemplary biosensor 
is disclosed in U.S. Patent No. 5,313,264 (assigned to Biacore AB, Uppsala, Sweden), 
which is incorporated herein by reference in its entirety. 

In one embodiment of the present invention, and as best seen in Figures 
2-4, a valve integrally associated with a microfluidic liquid transport assembly 200 

25 includes a first rigid layer 210 having substantially planar and opposing first and second 
surfaces, 212 and 214, respectively, and a second rigid layer 216 having substantially 
planar and opposing third and fourth surfaces, 218 and 220, respectively. As shown in 
Figure 4, the third surface 218 of the second rigid layer 216 is substantially coplanar and 
integrally bonded to the second surface 214 of the first rigid layer 210. As further 

30 shown in Figure 4, the valve integrally associated with the microfluidic liquid transport 
assembly 200 further includes a first passageway 222 that is defined by a groove 
positioned along the second surface 214 of the first rigid layer 210 and bounded by the 



WO 02/36485 PCT/SE01/02406 

7 

third surface 218 of the second rigid layer 216; the groove is defined by two opposing 
walls and a floor. A characteristic of this first passageway 222 is that it is adapted to 
flow a liquid sample therethrough. 

Within the first passageway 222 and integrally connected to the first rigid 
5 layer 210, is a valve seat 224 that has a substantially planar plateau surface 226. The 
plateau surface 226 is substantially planar to and interposed between the first and second 
surfaces 212, 214. As shown in Figure 4, the valve seat protrudes from the floor of the 
groove. A flexible membrane 228 is positioned opposite the valve seat 224; the flexible 
membrane 228 is integrally associated with one or more first flexible membrane through 

10 holes 230 of the second rigid layer 216. A characteristic of this flexible membrane 228 
is that it has a passageway surface 232 that is either (i) substantially coplanar to the 
second surface of the first rigid layer when the valve is in an open position, or (ii) 
bulged with a central portion thereof being substantially coplanar to the plateau surface 
226 of the valve seat 224 when the valve is in a closed position. 

15 In further embodiments and as also shown in Figure 4, the valve 

integrally associated with the microfluidic transport assembly 200 includes a plurality of 
first through holes 235 positioned such that they communicate with the first passageway 
222. In still further embodiments, the valve integrally associated with the microfluidic 
transport assembly 200 includes a third rigid layer 236 that has substantially planar and 

20 opposing fifth and sixth surfaces, 238 and 240, respectively. The fifth surface 238 has a 
plurality of ridges 242 protruding therefrom, wherein the plurality of ridges 242 defines 
a second passageway 244 that is also adapted to flow a liquid sample therethrough. In 
addition, the plurality of ridges 242 also defines a top ridge surface 246 that is 
substantially coplanar and integrally bonded to the fourth surf ace 220 of the second rigid 

25 layer 216. The shape of the top ridge surface may vary depending on the method used 
for bonding the rigid layers together, e.g. planar, bulged, pointed, etc. 

The third rigid layer 236, similar to the second rigid layer 216, includes a 
plurality of second through holes 248 positioned such that they communicate with the 
second passageway 244. As shown in Figure 4, the third rigid layer 236 also includes 

30 one or more second flexible membrane through holes 250 that communicate with the 
flexible membrane 230 of the second rigid layer 216. The one or more second flexible 
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membrane through holes 250 each have an additional amount of the flexible membrane 
228 coextensively disposed about its respective wall. 

In still further embodiments, the valve integrally associated with the 
microfluidic transport assembly 200 includes a fourth rigid layer 252 that has 
5 substantially planar and opposing seventh and eighth surfaces, 254 and 256, 
respectively. The seventh surface 254 has a plurality of second ridges 257 protruding 
therefrom, wherein the plurality of second ridges 257 defines a third passageway 258 
that is also adapted to flow a liquid sample therethrough. In addition, the plurality of 
second ridges 257 also defines a top ridge surface 260 that is substantially coplanar and 

10 integrally bonded to the sixth surface 240 of the third rigid- layer 236. The fourth rigid 
layer 252, similar to the second and third rigid layers 216, 236, includes a plurality of 
third through holes 262 positioned such that they communicate with the first, second, 
and third passageways, 222, 244, 258. 

The component parts associated with the microfluidic transport assembly 

15 of the present invention may be processed and assembled together as set forth in the 
below-described exemplary manufacturing techniques, wherein the component parts and 
their associated features have dimensions as set forth below in Table 1. 



Table 1 

Representative Dimensions of the Component Parts 



How channels in plate #4: 


0.3 x 0.2 mm 


How cell in plate #4: 


0.5 x 0.05 mm 


Riser ducts: 


0.3 mm 


Distance from valve seat to membrane surface: 


0.05 mm 


Membrane valve outer diam.: 


0.6 mm 


Membrane valve inner diam.: 


0.5 mm 


Elastomer conduits between plate #1 and #2: 


0.7 x 0.4 mm 


Pressure conduits between plate #2 and #3: 


0.7 x 0.4 mm 


Plate thickness : 


1-2 mm 


Ridges on plate #2 and #3 height: 


0.6 mm 



20 
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With regards to the exemplary manufacturing techniques, reference is 
also made to Figures 5 and 6, wherein Figure 5 illustrates an exploded isometric view of 
several plates (JLe. B plates 1-4) that make up a microfluidic assembly in accordance with 
the present invention, and which are shown together with an exploded isometric view of 

5 a two-part mold suitable for injecting/casting an elastomeric material that forms a valve 
integrally associated with the microfluidic assembly, and wherein Figure 6 is an 
enlarged view of the valve seat shown in Figure 5. Reference is also made to Figures 
7A-C through Figures 10A-C, which Figures depict front, side, and back elevational 
views of the four plates (which plates constitute the above-described four rigid layers). 

10 More specifically, a first flat plastic plate (shown as plate #1 in Figure 5 

and in Figures 7A-C, which plate #1 corresponds to the above-described second rigid 
layer) is plasma processed on one side so as to enhance bonding or adhesion of a later 
added flexible membrane such as, for example, a flexible membrane made of a silicone 
rubber or a thermoplastic elastomer (TPE). In general, the first flat plastic plate is 

15 preferably made with an IR-absorbing plastic material such as, for example, a 
polycarbonate tinted with carbon black. Thus, it is to be understood that the term 
"flexible 5 ' as used within the context of the present invention is to be construed broadly 
in that it denotes a membrane having pliable or elastomeric qualities. Similarly, the 
term "rigid" as used within the context of the present invention denotes a layer that is 

20 relatively stiff and unyielding. 

Concomitantly, a second fiat plastic plate (shown as plate #2 in Figure 5 
and in Figures 8A-C, which plate #2 corresponds to the above-described third rigid 
layer) having generally the same hole pattern as that of the first flat plastic plate, and 
having a plurality of protruding ridges on one side that defines a planar top ridge 

25 surface, is connected together with the first flat plastic plate. That is, the plasma 
processed side of the first plate is connected together with the planar top ridge surface of 
the second plate such that each plate's respective hole patterns are in substantial axial 
alignment with each other. In general, the second flat plastic plate is preferably made 
with a non-IR-absorbing plastic material such as, for example, a polycarbonate. 

30 The first and second plastic plates may be connected together by any of a 

number of suitable bonding techniques such as, for example, gluing or by an ultrasonic 
or laser welding technique. As is appreciated by those skilled in the art, laser welding 



WO 02/36485 PCT/SE01/02406 

10 

offers significant advantages over conventional joining technologies; it is especially well 
suited for joining plastic materials having different optical absorptions at the laser 
wavelength. The laser light may penetrate the transparent component (e.g., plate #1) 
and is then absorbed by the non-transparent component (e.g., plate #2) where it is 
5 converted into heat. The first and second plastic plates melt at the interface and welding 
may be effected by external pressure applied by a workholding fixture. In this manner, a 
welded unit (also referred to as a membrane plate) inclusive of the first and second flat 
plastic plates (Le., second and third rigid layers, respectively) may be formed. 

The formed welded unit may then be placed in a mold that consists of 

10 two halves (shown in Figure 5 as mould half A and mould half B) to facilitate formation 
of an internal flexible membrane that defines part of the valve. More specifically, the 
welded unit may be placed in the two-part mold, wherein mould half A has a smooth 
mold surface and mould half B has a smooth mold surface with one or more 
perpendicularly protruding cylinders that are adapted to concentrically fit within the 

15 flexible membrane through holes associated with plate #1 and plate #2. In general, the 
protruding cylinders have flat top surfaces, are preferably about 0.1 mm shorter than the 
thickness of the welded unit, and have diameters that are preferably about 0.1 less than 
the diameters of the flexible membrane through holes. A silicone rubber (preferably 
having Shore A hardness of between 24-29) or a thermoplastic elastomer (TPE) in 

20 liquid form may then be injected through a funnel associated with mould half B so as to 
form via casting the internal flexible membrane. As is appreciated by those skilled in 
the art, casting is the process whereby a liquid is poured into a mold and allowed to 
react, cure, or harden to form a solid object in the shape of the mold cavity. Moreover, 
it is to be understood that suitable thermoplastic elastomers for purposes of the present 

25 invention include a thermoplastic polyurethane elastomer (Le., TPU), a polyolefin-based 
thermoplastic elastomer (Le., TPO), a thermoplastic elastomer based on dynamically 
vulcanized elastomer-thermoplastic blends (Le., TPV), a styrene block thermoplastic 
elastomer, a thermoplastic polyether ester elastomer, a thermoplastic elastomer based on 
halogen-containing polyolefins, and a thermoplastic elastomer based on polyamides, as 

30 well as various combinations and blends thereof. 

After solidification of the silicone rubber or suitable thermoplastic 
elastomer (TPE), the welded unit may then be removed from the mold, and any burrs 
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that exist may be eliminated. A third flat plastic plate having a channel pattern of ridges 
leading to each membrane valve (shown as plate #3 in Figure 5 and in Figures 9A-C, 
which plate corresponds to the above-described fourth rigid layer) may then be 
connected together with the welded unit to form a three-plate assemblage referred to as 

5 the valve plate. Next, a fourth plastic plate having a channel pattern of grooves with 
valves seats (shown as plate #4 in Figure 5 and in Figures 10A-C, which plate 
corresponds to the above-described first rigid layer) may then be connected together 
with the valve plate to form the valve integrally associated with the microfluidic 
transport structure in accordance with the present invention by a suitable bonding 

10 technique, such as, for example, gluing or by an ultrasonic or laser welding technique. 

By this exemplary method, a valve integrally associated with a 
microfluidic transport structure assembly may be manufactured that overcomes many of 
the drawbacks associated with prior art microfluidic structures. In particular, the surface 
area of the elastomeric layer that comes into contact with the liquid sample may now be 

15 minimized, thereby reducing adverse chemical interactions that may occur between the 
liquid sample and the elastomeric layer. Other advantages include a more streamlined 
manufacturing process. 

While the valves integrally associated with microfluidic transport 
assemblies of the present invention and their representative manufacturing techniques 

20 have been described in the context of the embodiments illustrated and described herein, 
the invention may be embodied in other specific ways or in other specific forms without 
departing from its spirit or essential characteristics. Therefore, the described 
embodiments are to be considered in all respects as illustrative and not restrictive. The 
scope of the invention is, therefore, indicated by the appended claims rather than by the 

25 foregoing description, and all changes that come within the meaning and range of 
equivalency of the claims are to be embraced within their scope. 
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CLAIMS 

1. A valve integrally associated with a microfluidic liquid transport 
assembly, comprising: 

5 a first rigid layer (210) having substantially planar and opposing first and 

second surfaces (212, 214); 

a second rigid layer (216) having substantially planar and opposing third 
and fourth surfaces (218, 220), the third surface (218) of the second rigid layer (216) 
being substantially coplanar and integrally bonded to the second surface (214) of the 
10 first rigid layer (210); 

a first passageway (222) defined by a groove, the groove being along the 
second surface (214) of the first rigid layer (210) and bounded by the third surface (218) 
of the second rigid layer (216), the first passageway (222) being adapted to flow a liquid 
sample therethrough, 

15 a valve seat (224) having a substantially planar plateau surface (226), the 

valve seat (224) being within the first passageway (222) and integrally connected to the 
first rigid layer (210) such that the plateau surface (226) is substantially planar to and 
interposed between the first and second surfaces (212, 214) of the first rigid layer (210); 
and 

20 a flexible membrane (228) opposite the valve seat (224) and integrally 

associated with a first membrane through hole (230) of the second rigid layer (216), the 
flexible membrane (228) having a passageway surface (232) that is either (i) 
substantially coplanar to the second surface (214) of the first rigid layer (210) when the 
valve is in an open position, or (ii) bulged with a central portion thereof being 

25 substantially coplanar to the plateau surface (226) of the valve seat (224) when the valve 
is in a closed position. 



2. The valve integrally associated with the microfluidic transport 
assembly of claim 1, wherein the microfluidic transport assembly is adapted to flow the 
liquid sample in a biosensor. 
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3. The valve integrally associated with the microfluidic transport 
assembly of claim 1 or 2, wherein the first and second rigid layers (210, 216) are each 
made from one or more plastic materials. 

4. The valve integrally associated with the microfluidic transport 
5 assembly of claim 1, 2 or 3, wherein the first and second rigid layers (210, 216) are 

each made of the same plastic material. 

5. The valve integrally associated with the microfluidic transport 
assembly of claim 4, wherein the plastic material is a polycarbonate. — 

6. The valve integrally associated with the microfluidic transport 
10 assembly of any one of claims 1 to 5, wherein the first and second rigid layers (210, 

216) are integrally bonded together by a laser weld. 

7. The valve integrally associated with the microfluidic transport 
assembly of any one of claims 1 to 6, wherein the first and second rigid layers (210, 
216) have a combined thickness ranging from about 1 to about 2 millimeters. 

15 8. The valve integrally associated with the microfluidic transport 

assembly of any one of claims 1 to 7, wherein the groove (222) is defined by two 
opposing sidewalls and a floor. 

9. The valve integrally associated with the microfluidic transport 
assembly of claim 8, wherein the valve seat (224) protrudes from the floor of the 

20 groove. 

10. The valve integrally associated with the microfluidic transport 
assembly of any one of claims 1 to 9, wherein the flexible membrane (228) is a silicone 
rubber. 
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11. The valve integrally associated with the microfluidic transport 
assembly of any one of claims 1 to 9, wherein the flexible membrane (228) is a 
thermoplastic elastomer. 

12. The valve integrally associated with the microfluidic transport 
5 assembly of any one of claims 1 to 11, wherein the second rigid layer (216) includes a 

plurality of first through holes (235) that communicate with the first passageway (222). 

13. The valve integrally associated with the microfluidic transport 
— assembly of any one of claims 1 to 12, further comprising a third rigid layer (236) 

having substantially planar and opposing fifth and sixth surfaces, (238, 240), the fifth 
10 surface (238) having a plurality of ridges (242) protruding therefrom, the plurality of 
ridges (242) defining a second passageway (244) adapted to flow the liquid sample 
therethrough and a top first ridge surface (246), the top first ridge surface (246) being 
substantially coplanar and integrally bonded to the fourth surface (220) of the second 
rigid layer (216). 

15 14. The valve integrally associated with the microfluidic transport 

assembly of claim 13, wherein the third rigid layer (236) includes a plurality of second 
through holes (248) that communicate with the first and second passageways (222, 244). 

15. The valve integrally associated with the microfluidic transport 
assembly of claim 14, wherein the third rigid layer (236) includes a second membrane 
20 through hole (250) that communicates with the first membrane through hole (230) of the 
second rigid layer (216), the at least one second membrane through hole (250) having an 
additional amount of the flexible membrane (228), the additional amount of the flexible 
membrane (228) being coextensively disposed about the walls of the one or more 
second through holes (250). 

25 16. The valve integrally associated with the microfluidic transport 

assembly of claim 13, 14 or 15, further comprising a fourth rigid layer (252) having 
substantially planar and opposing seventh and eighth surfaces (254, 256), the seventh 
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surface having a plurality of second ridges (257) protruding therefrom, the plurality of 
second ridges (257) defining a third passageway (258) adapted to flow the liquid sample 
therethrough and a top second ridge surface (260), the top second ridge surface (260) 
being substantially coplanar and integrally bonded to the sixth surface (240) of the third 
5 rigid layer (236). 

17. The valve integrally associated with the microfluidic transport 
assembly of claim 16, wherein the fourth rigid layer (252) includes a plurality of third 
through holes (262) that communicate with the first, second and third passageways (222, 
244,258). - 

10 18. A method for manufacturing a valve integrally associated with a 

microfluidic transport assembly, the method comprising the steps of: 

integrally bonding a first rigid layer (210) having substantially planar and 
opposing first and second surfaces (212, 214) to a second rigid layer (216) having 
substantially planar and opposing third and fourth surfaces (218, 220), such that the 

15 third surface (218) of the second rigid layer (216) contacts the second surface (214) of 
the first rigid layer (210), and such that a first passageway (222) is formed wherein the 
first passageway (222) is defined by a. groove that runs along the second surface (214) of 
the first rigid layer (210) and is bounded by the third surface (218) of the second rigid 
layer (216), and wherein the first passageway (222) is adapted to flow a liquid sample 

20 therethrough, and wherein the first passageway (222) includes a valve seat (224) that has 
a substantially planar plateau surface (226) wherein the valve seat (224) is integrally 
connected to the first rigid layer (210) such that the plateau surface (226) is substantially 
planar to and interposed between the first and second surfaces (212, 214) of the first 
rigid layer (210); and 

25 casting a flexible membrane (228) into a first membrane through hole 

(230) of the second rigid layer (216) such that the flexible membrane (228) has a 
passageway surface (232) that is adapted to be either (i) substantially coplanar to the 
second surface (214) of the first rigid layer (210) when the valve is in an open position, 
or (ii) bulged with a central portion thereof being substantially coplanar to the plateau 

30 surface (226) of the valve seat (224) when the valve is in a closed position. 
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19. The method of claim 18, wherein the step of integrally bonding 
involves laser welding the third surface (218) of the second rigid layer (216) to the 
second surface (214) of the first rigid layer (210). 

20. A valve integrally associated with a microfluidic liquid transport 
assembly, comprising: 

a first means (210) for defining substantially planar and opposing first 
and second surfaces (212, 214); 

a second means (216) for defining substantially planar and opposing third 
and fourth surfaces (218* 220), the third surface (218) of the second means (216) being 
substantially coplanar and integrally bonded to the second surface (214) of the first 
means (210); 

a passageway means (222) for flowing a liquid sample, the passageway 
means (222) being along the second surface (214) of the first means (210) and bounded 
by the third surface (218) of the second means (216), 

a valve seat means (224) for defining a substantially planar plateau 
surface (226), the valve seat means (224) being within the passageway means (222) and 
integrally connected to the first means (210) such that the plateau surface (226) is 
substantially planar to and interposed between the first and second surfaces (212, 214) 
of the first means; and 

a flexible membrane means (228) for controllably flowing the liquid 
sample, the flexible membrane means (228) being opposite the valve seat means (224) 
and integrally associated with a first membrane through hole (230) of the second means 
(216), the flexible membrane means (228) having a passageway surface (232) that is 
either (i) substantially coplanar to the second surface (214) of the first means (210) 
when the valve is in an open position, or (ii) bulged with a central portion thereof being 
substantially coplanar to the plateau surface (226) of the valve seat means (224) when 
the valve is in a closed position. 

21. The valve integrally associated with the microfluidic transport 
assembly of claim 20, wherein the microfluidic transport assembly is adapted to flow 
the liquid sample in a biosensor. 



WO 02/36485 



PCT/SE01/02406 



1/4 

100 




SUBSTITUTE SHEET (RULE 26) 



WO 02/36485 



PCT/SE01/02406 




WO 02/36485 



PCT/SE01/02406 




WO 02/36485 



PCT/SE01/02406 



o o 

o O O o 
o 






PLATE #1 


o o 

o o o • 

o 


Fig. 7 A 


Fig. 7B 




Fig. 7C 


RUBBER 


INLET 








o o 
» to oote 




i 

i. 


PLATE #2 


O O 

o o O O v 

9 


8A 


Fig. 8B 




Fig. 8C 



FLOW CELL 532 




PLATE J3 





644 



642 >ua 



JID CONNECTION 
CO JNECTION 



PLATE #4 




IOC 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 01/02406 



A, CLASSIFICATION OF SUBJECT MATTER 

IPC7: B81B 3/00 F16K 7/17 

According to Internationa! Patent Classification (IPC) or to bolh national classification and [PC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC7: G01N, B81B, F16K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



EPO-INTERNAL 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 4848722 A (M.E.WEBSTER), 18 July 1989 

(18.07.89), column 5, line 30 - line 38, figure 2 



WO 9960397 Al (UNIVERSITY OF WASHINGTON), 
25 November 1999 (25.11.99), page 10, 
line 1 - line 5; page 18, line 4 - line 28 



US 5593130 A (T.HANSS0N ET AL), 14 January 1997 
(14.01.97) 



EP 0314286 Al (FORD MOTOR CO.LTD.), 3 May 1989 
(03.05.89) 



1-21 



1-21 



1-21 



1-21 



j | Further documents are listed in the continuation of Box C. [j( See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general state of the art which is not considered 

to be of particular relevance 
*B* earlier application or patent but published on or after the international 

filing date 

"V document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
spedal reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

*P* document published prior to the International filing date but later than 
the priority date claimed 



"T" later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

*Y" document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the International search 



29 January 20Q2 



Date of mailing of tile international search report 

1 8 -02- 2002 



Name and malting address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 



Autl tori zed officer 

Pia Eklund /itw 

Telephone No. + 46 8 782 25 00 



Form PCr/lS/V/210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 

27/12/02 


International application No. 
PCT/SE 01/02406 


Patent document 
cited in search report 


Publication 
date 


• Patent family 
member(s) 


Publication 
date 



us 



4848722 A 18/07/89 



W0 



9960397 Al 25/11/99 



AT 


121173 T 


15/04/95 


PA 


1271466 A 


10/07/90 


L/C 


3853592 D.T 


30/11/95 


EP 


0400016 A,B 


05/12/90 


us 


4852851 A 


01/08/89 


us 


4858883 A 


22/08/89 


wo 


8905417 A 


15/06/89 


AU 


3471499 A 


25/10/99 


AU 


3771599 A 


06/12/99 


EP 


1046032 A 


25/10/00 


US 


6084003 A 


04/07/00 


WO 


9951654 A 


14/10/99 



US 



5593130 A 14/01/97 



AT 


193759 T 


15/06/00 


DE 


69424883 D,T 


05/10/00 


EP 


0775277 A,B 


28/05/97 


SE 


0775277 T3 




OP 


9502249 T 


04/03/97 


SE 


501713 C 


02/05/95 


SE 


9302865 A 


07/03/95 


WO 


9507425 A 


16/03/95 


EP 


0671826 A 


13/09/95 


JP 


8065240 A 


08/03/96 


SE 


9400824 D 


00/00/00 


US 


5617235 A 


01/04/97 



EP 0314286 Al 03/05/89 CA 1298530 A 07/04/92 

DE 3873019 A,T '27/08/92 

US 4768751 A 06/09/88 



Form PCr/ISA/210 (patent family annex) (July 1998) 



